1. The effect of different intakes of folic acid (FA) and vitamin C on pregnancy in the Dunkin-Hartley guinea-pig was examined. Female guinea-pigs were subjected to three graded intakes of FA and vitamin C ('deficient', 'intermediate' similar to recommended daily intakes (RDI), and 'supplemented') during early gestation and up to the time of neural tube closure (17th day of gestation), and then returned to the RDI of these vitamins.
measured for crown-rump length and head circumference. The dead and resorbing fetuses were also counted. The number of implantations in a uterine horn was determined by two matching criteria: (1) total number of placental attachment sites of surviving and resorbed fetuses (resorption 'scars') on the inferior mesomeric wall of a uterine horn (Wilson, 1973) , and (2) total number of corpora lutea of pregnancy (CLP) (Rowlands, 1956) in the adjacent ovary (Wilson, 1973) . However, when all the fetuses were dead, all the CLP had regressed (Rowlands, 1956 ), but they could be quantified by examining the histological sections of the whole ovary fixed in Bouin's fluid and stained in Ehrlich's H and E stain (Disbery & Rack, 1970) .
Throughout the study, only one female, which had been regarded as successfully mated, returned to oestrus without showing any signs of previous implantation. Whether the return to oestrus was a result of a mistake in the assessment of mating-success or failure of either fertilization or implantation was not possible to ascertain. Fortunately, the incident was an isolated one and the case was listed as 'failure of conception'.
Diets
Two types of experimental diets were used: a semi-synthetic 'gel' diet based on that described by Navia & Lopez (1 973), and a pelleted diet based on Short & Gammage's (1959) diet no. 1 (SGl).
The 'gel' diet was produced in our laboratories from ingredients obtained from ICN Pharmaceuticals Inc., California. This diet, providing two to ten times the RDI of most vitamins (Navia & Hunt, 1976) , lacked only p-aminobenzoic acid and contained one of two concentrations of FA : deficient or supplemented (Table 1) . The supplemented concentration was to provide two to four times the RDI and the deficient concentration provided only a fraction of the RDI (RDI of FA is 100-200 pg).
The SGI pelleted diet (obtained from Burnhill and Sons Ltd, Northgate, Cleckheaton),
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with the addition of about 20 g cabbage/d per animal, provided nutrient intakes similar to, or just below, the RDI. The basic SGI diet, therefore, provided vitamin intakes which were lower than those provided by either the supplemented or deficient 'gel ' diets except for FA where intake was intermediate between the concentrations found in these two diets (Table 1) . In some experimental SGI diets the concentrations of FA and vitamin C were adjusted to resemble the supplemented levels in the 'gel' diets, by grinding the pellets and mixing with extra amounts as required. This powder was then repelleted to form the fortified SGI diets. The diets were fed for varying periconceptional periods in order to achieve 'deficient', 'intermediate' or 'supplemented ' reserves of FA and vitamin C during organogenesis, i.e. 14th-19th d of gestation in a 68-72 d gestation (Giroud, 1970; Nishimura & Tanimura, 1976) .
Pair-fed controls were not used in the present study because of the difficulty in pairing females with coinciding oestrus cycles and therefore coinciding time of conception. However, a daily monitor of food intake and spillages provided a means by which an alteration in the food intake of any dietary-treatment group would be detected.
The diets were analysed for vitamin C (Roe, 1954) and FA concentrations (Chanarin et al. 1972) (Table 1 ) so that daily intakes of these vitamins could be calculated. The concentration of vitamins in cabbage was obtained from food tables (Paul & Southgate, 1978) (Table I) .
Blood measurements Blood (2.5 ml) was taken from the lateral metatarsal vein by negative pressure from a vacuum pump (Dolance & Jones, 1975) into tubes containing EDTA before and immediately after the dietary treatments and this was assayed for plasma and erythrocyte FA (Chanarin et al. 1972 ) and plasma and leucocyte vitamin C (an adaptation of the technique of Denson & Bowers, 1961). Blood samples (0.5 ml) were also taken on the 13th and 19th days of gestation and these were used for progesterone determination (Illingworth et al. 1970) to aid detection of pregnancy.
Assessment of the health of the mother The females were weighed at 3-d intervals throughout every experiment, and each was subjected to a full blood count and smear once before the dietary treatment (10-3 d preconception) and once after (17th day of gestation).
Statistical unalysis
Measurements with a 'normal' frequency distribution were analysed by a parametric analysis of variance (ANOVA). When significant differences were indicated the data were subjected to Duncan's Multiple Range Test (Duncan, 1955) to determine significance of differences between groups. A two-way ANOVA was used for data with repeated measures.
The non-parametric data (the data on pregnancy outcome) were first subjected to variance analysis with Kruskal-Wallis ANOVA (Kruskal & Wallis, 1952) , and then the mean values were compared using the Mann-Whitney U test (Mann & Whitney, 1947) .
R E S U L T S
Preliminary ,findings
The aim of these investigations was to examine the effects on pregnancy of dietary restrictions which were designed to affect neither the implantation of the fetus (6th day of gestation) nor the health of the mother. However, there is little information in the literature about the effects of dietary FA deficiency on the guinea-pig and its pregnancy. Our preliminary investigations indicate that the consumption of the FA-deficient 'gel' diet To avoid a direct effect on the health of the mother, the dietary FA deficiency was initially confined to a period of 19 d during early pregnancy (3rd day preconception to the 17th day of gestation) in an experiment on a small number of animals. This was achieved by feeding the 'gel' diet deficient in FA (Table 1 ) between these days (FA intake of about 2pg/d), after which the animals were returned to the FA-supplemented 'gel' diet (Table 1 , mean FA intake of 455 (SD 97) pg/d) and were killed on the 45th day of gestation. Compared with a control group given the FA-supplemented 'gel' diet throughout pregnancy, the FArestricted animals had very low plasma and erythrocyte FA levels on the 17thday of gestation, and recorded a high incidence of fetal resorptions and abortions with few live fetuses remaining on the 45th day of gestation (Table 2) . These results, however, were not compared statistically because of small numbers. No effects on maternal health in terms of weight gain and haematological change were recorded.
Because of the severe effects on pregnancy and the very low maternal blood FA 'concentrations' observed in this experiment, it was decided that even this degree of FA restriction was too extreme and would not be comparable to FA deficiency normally seen in human and animal pregnancies. It was decided, therefore, to investigate the effects of a less severe restriction of FA on fetal development and to compare the results with the effects of FA and vitamin C supplementation.
Thirty-two female guinea-pigs were provided with SGl diet and the daily ration of cabbage (20 g/d per animal) supplying intermediate intakes of FA and vitamin C (Table  3) , which are at the lower end of the range of RDI for these vitamins (Navia & Hunt, 1976) . Fifteen of these then received the SG1 diet fortified with FA and vitamin C, increasing their daily intakes of FA and vitamin C by four-and eightfold, between the 3rd day preconception and the 17th day of gestation. All pregnancies were terminated on the 37th day of gestation.
Compared with the animals on the intermediate intakes, the animals receiving the supplemented diet showed significantly higher blood concentrations of FA and vitamin C and a better reproductive performance in terms of reduced fetal mortality and therefore an increased number of live fetuses on the 37th day of gestation (Table 3) .
These findings indicated that the intermediate intakes of FA and vitamin C (Table 3 ), although well above intakes which will induce symptoms of deficiency, were associated with a less satisfactory reproductive performance than when higher intakes were provided for a limited period in early gestation. This finding was surprising and required confirmation and more detailed examination.
Detailed investigation
Diets including all permutations of FA and vitamin C would have required nine different groups. This size of experiment was beyond the resources and facilities of the department. We already had indications that FA alone had a substantial effect on pregnancy, even in the presence of adequate vitamin C ( Table 2 ). The experiment was therefore designed to investigate if fetal development in animals on intermediate intakes of FA could be modified by changes in dietary vitamin C, or if an optimal FA intake was required to improve reproductive performance. The SGI -based diets (Table 1) were given during early gestation to four groups of animals to produce three levels of vitamin C intakes ('deficient', 'intermediate ' and ' supplemented ') accompanying an 'intermediate' intake of FA in three groups (Table 4 , groups A, B and C ) , and 'supplemented' intakes of both vitamin C and FA in the fourth group (Table 4 , group D). An FA-deficient diet was not introduced because of the severe effects of this diet on pregnancy which were observed in the preliminary experiments. The dietary regimens, which are shown in detail in Table 4 , were designed to produce their maximum effects by the 17th day of gestation without affecting the time of implantation on the 6th day of gestation or the health of the mother.
For this reason it was necessary to provide a rather complex dietary regimen to produce a deficient intake of vitamin C whilst at the same time avoiding the severe effects of such a diet on the animal (Ingier, 1915; Ginter et a/. 1968 ). This was achieved by feeding the SGl diet without the daily cabbage supplement from the 6th to the 9th day of gestation (an intake of -= 4,ug/d) followed by the SG1 diet fortified with 15mg vitamin C/kg (an intake of about 0.4 mg/d) from the 9th to the 17th day of gestation (Table 4, group A).
When the females were not provided with either the deficient or the supplemented vitamin intakes during the experimental period as indicated in Table 4 , group B, they were maintained on the intermediate intakes of these vitamins which were similar to the RDI. These females represented a control group for comparison with those on deficient or supplemented intakes. The average daily intakes of these vitamins between the 3rd day preconception and the 17th day of gestation in the different treatment groups are shown in Table 5 .
Plasma and blood cell c.oncentrations of these vitamins on the 17th day of gestation reflected the levels of intake (Table 6 ). None of the dietary regimens caused a significant variation in blood cell count, but a vitamin-C-deficient diet accompanying the intermediate FA intake caused a reduction in maternal weight gain (Table 7 , group A).
In terms of reproductive performance, the results confirm the findings of the previous experiment showing a decrease in the proportions of resorptions and abortions when supplemented intakes of both FA and vitamin C, compared with intermediate intakes, were provided during early pregnancy (Table 8 ). This effect seemed to be primarily due to the FA supplement because supplemented intakes of vitamin C alone did not improve reproductive performance (Table 8, group C). However, this experiment does not completely exclude the possibility that the vitamins act synergistically to the benefit of the fetus when provided in the diet to supplemented levels. Decreasing vitamin C intake alone to an average intake of 0.4 mg/d further reduced the number of live fetuses compared with the provision of intermediate intakes of vitamin C (Table 8 ). It must be emphasized, however, that this is the one dietary treatment which appeared to affect maternal health, as indicated by loss of maternal weight, in contrast to the other diets where weight increased steadily. Daily food intakes were not affected by any dietary treatment.
Supplementing with both vitamins together also increased the size of the live fetuses. Here, vitamin C supplementation alone was also effective in increasing the size of live fetuses, although there is a suggestion that this effect was less pronounced than that of increasing intakes of FA and vitamin C together to those of supplemented levels (Table 8) .
DISCUSSION
Modifications to the dietary intakes of FA and vitamin C during organogenesis, but not implantation, in the guinea-pig pregnancy have led to significant changes in reproductive performance in terms of number and size of live fetuses in mid-gestation. Whilst severe dietary restrictions would be expected to compromise the outcome of any pregnancy, it is surprising that intakes of FA and vitamin C which have been used as feeding stock for guinea-pigs (Navia & Hunt, 1976 ) and which have no apparent effect on the health of the adult animals can have such a dramatic effect on pregnancy. The number of live fetuses found at termination of pregnancy in the FA-and vitamin C-supplemented females (range 3.5-4.3) was greater than the published average litter size for this strain of guinea-pig (3.0) (Dunkin et al. 1930) .
The separate contributions of vitamin C and FA cannot be ascertained from the present study. The results on the effect of varying the vitamin C content of the diet with a constant FA intake lend some support to the idea that FA is important in maintaining the number of live fetuses, whilst vitamin C had an effect on the size of fetuses. However, this observation requires confirmation. Vitamin C deficiency caused further reduction in the number of live fetuses, but this may have been secondary to maternal weight loss.
As the SGl diet was improved by increasing its vitamin C and FA contents only, it is possible that increasing the concentrations of other micronutrients may further improve pregnancy outcome. However, there is some evidence against this, because FA and vitamin C supplementation alone achieved a reproductive performance equivalent to that seen with the supplemented 'gel' diet used in the preliminary experiments in which all vitamins were provided at well above the RDT (Tables 3 and 8 , cf. Table 2 ). $ On the 3rd day preconception.
5 On the 17th day of gestation.
)I On the 36th day of gestation. This value is excluding the weight of conceptus (i.e. weight of pregnant mother less weight of the uterine contents). ANOVA+ Duncan's multiple range test): P < 0.01. Between group differences were not significant.
There appears to be no previous work on the effects of FA and vitamin C dietary manipulation during early pregnancy on reproductive performance in the guinea-pig. Rivers & Devine (1 975) reported that a daily vitamin C supplement of up to 100 mg/kg body-weight from weaning in female guinea-pigs did not increase the size of their litters. They also noted that a very low vitamin C intake of 1.5 mg/kg body-weight, which was similar to the deficient vitamin C intake in the present study, did not affect the maintenance of the fetuses. The apparent disagreement with the present findings possibly rests on the fact that the FA concentration of the diet they used (6.5 mg/kg) was much higher than the intermediate level used in the present study (2 mg/kg). Possible support for this lies in the findings of Pye et al. (1961) who have reported a significant increase in the number and average size of new born guinea-pigs after increasing the maternal vitamin C intake from 2 to 8 mg/d when dietary FA was much lower than that used by Rivers & Devine (1975) .
It is known that prenatal deaths and growth retardations occur more frequently in congenitally abnormal than in normal human offspring. We did not observe congenital malformation in the present study, but it is possible that some of the resorbed fetuses may have been malformed. A search for such a possibility would require microscopic examination of embryos in early gestation.
The overall results emphasize the importance of adequate FA and vitamin C intakes in early pregnancy and suggest that such intakes are well above those which prevent the overt symptoms of deficiency. Although intakes of vitamin C higher than the RDI have been recommended for pregnancy in the guinea-pig (Mannering, 1949) , a similar recommendation with respect to FA does not appear in the literature. Whether the supplemented intakes of FA and vitamin C provided in this study are optimal for guinea-pig pregnancy remains to be determined.
Extrapolation from the guinea-pig to the human should only be undertaken with caution. The guinea-pig's FA requirement is much greater, on a weight-for-weight basis, than the human's requirement, as is also the requirement for vitamin C (Leutner, 1981) . This could imply a difference in the metabolism of FA in the guinea-pig which makes comparison with the human difficult. However, because the mild FA and vitamin C restrictions which impaired the development of the guinea-pig fetus led to blood concentrations equivalent to those found during some human pregnancies (Smithells et al. 1976; Schorah et al. 1983) , we must exercise caution in assuming that intakes which are sufficient to prevent human scurvy and macrocytic anaemia will also be adequate for pregnancy. The increased demand for FA in human pregnancy is indicated by the prevalence of macrocytic anaemia in late pregnancy in women not given FA supplements (Hibbard, 1975) . We are aware that RDI of vitamins are often increased for pregnancy, but in the UK this recommendation does not apply to the first trimester. The findings of this study along with those suggesting a possible reduction in the prevalence of neural tube defect with vitamin supplements (Smithells et al. 1980) suggest that the practice of recommending better vitamin intake in late pregnancy (Anderson, 1972; Steingold, 1977) could be extended with benefit to the periconceptional period and early pregnancy.
